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CDF plans a rich program of B-Physics:

»  Precision study of the B’ :
— BR’s, mass and lifetime

— Plan to observe or rule out SM B’ o mixing
— Measure AT 5.
— Measure

e | The world’s largest A°, sample:
— BR’s, mass and lifetime

— CP Violation searches
* | This program just beginning...
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What we know: B,

PDG 2002 . BE DECAY MODES Fraction ([;/T) Confidence level {M:Wc]
* D anything (94  £30 )% -
W D+ anything ] (7.9 + 2.4)% -
NEW ! D_ =t < 13 % 2321
= Ds{*}+ Ds{"]— (23 1'1;% ) % -
J/(18) e (93 + 33)=x10°4 1590

J/(18) =0 = 1.2 % 103 90% 1788
J/(18)y < 38 x 10—3 90% 1735

mp (25)¢ seen 1122
ata~ < L7 « 10— 90%% 2681

0 =0 < 21 » 1074 90% 2681

nw? < 1.0 x 10—3 90% 2655

0 = 15 %103 90% 2628

% p° = 320 %10~ % 90% -

& p° < 617 « 104 90% -

bip < 1.183 x 10~3 90% -

nt K~ < 21 % 10—4 90% 2660

NEW ! g+ k- < 50 % 105 90% 2639
K*(892)0 p° < 7.67 « 104 90% -

F*(892)° K*(892)° < 1.681 %103 90% -

B K*(892)° < 1.013 % 103 90% -

PP < 50 x 1079 90% 2515

+ ¥ < 1.48 « 1074 90% 2685

By < T w 10~% o0% 2588

Lepton Family number (LF) violating modes or
AB = 1 weak neutral current (B1) modes

put B1 < 2.0 % 10~ 8 90% 2682
ete™ B1 = 5.4 % 10~3 o90% 2864
et uF LF  [ff] = 6.1 % 106 90% 2864
BT 81 = 5.4 = 1073 o00% -
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What we know: A°,
PDG 2002:

J’lg DECAY MODES Fraction (I';/T) Confidence level (Mep\fjc)
W J/(15)A (4.74+2.8) x 10™4 1744
3 ﬂ;r T seen 2345
- ﬂ.g a1(1260)~ seen 2156
o /'l.g' {~ TVypanything [s] (7.7+£1.8) % -
pT < 5.0 x 1072 90% 2732
pK~ < 5.0 x 1072 00% 2711

Nearly New results for: A) — A 77~
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Hadronic Level 2 Trigger:

35um @ 33um

resol ® beam :
— s=4s3um | e*lnteraction rate ~2.5MH:z

8000

4000

*Reduced to~300Hz
on Level 2 output.

Tracks per 10 um

0

™ s idid | i i p | iEdi | NEE 1 M
-500 -250 0 250 500
silicon trigger impact parameter (im)

Critical component :
SVT impact parameter
cuts.

20000

Events per 0.5 us
10000

2 Tracks with IP>120 um

0

-

10 20 30 40 50
Silicon trigger latency (us)
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Branching Ratios at CDF:

Compare search mode to kinematically similar mode, eg:

Gbx]pbaryon XBR(AOb — A+c 72._) _

€ xNAOb XBR(D™ > K n"xn")

o, x f,xBR(B’, — D" ")

€0 xNBOd xBR(A", > pK x")

Cancellation:

Production fractions ( f):
— LEP/CDF Combined.

— Aim to measure at CDF.
Daughter BR’s :

— Rely on existing measurements.
— Future : CLEO-C

Plan to normalise to same channel Semileptonic
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events (10 MeV/bin)
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Normalisation mode: B°

65+ 4 pb April 3rd 2003 CDF Run 2 PRELIMINARY

> D' 7t

B,- DO
Do K '
% and c.c

,'—|_$—|—'|I

|2

—s—
.
/3
T 7
—

D Yield: 505+ 44 events
Uncorr. Mean: 5.267 = 0.002 GeV
Sigma: 23+ 2 MeV

4.8 5 5.2 54 5.6
Candidate Mass (GeV)
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e Same mode for:

+

B’ > D . 71"

oA’ > A

¢ Similar cuts to
signal

* D also visible.




Reconstructing: B’ — D¥ 7

First Observation! Important Cuts:

65+ 4 pb™ April 3rd 2003 CDF Run 2 PRELIMINARY ® 2 Tracks required to be

events (20 MeV/bin)

E_ g pY D, VYield: 44 + 11 events Trigger Tracks.
A0mT s~ Us T Uncorr. Mean: 5361 + 5 MeV ® (1 013<m <1.028 GeV)
ne Ds - (I) n Sigma: 20 £ 4 MeV K'K"
% d - KK
N ® D_mass constrained to
N
) PDG value
) = e p,(D,)>4GeV

15

10

e 2D-Dist (Prim —D, ) > 400 pim

ISR NT
+ iy 1 Wl e p,(B,)>4GeV
| LS

)]

M*l

5 4 5.8
Cand |date Mass (GeV) e Impact-Par (BS ) <100 um

e 2D-Flight-Dist (B, ) >100 um

o

S ITTTT
(o))
S
fo'e)
ol
ol
N
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Systematics:

Particle JGBS J .
- <— Uncertainty in —* due to fit.
B, +£0.008 g
B, +£0.008
Source a(ng /gBd) i
. . . :
XFT 1-miss £0.001 <— Uncertainty in 5
- (Due to MC) g,
Min b quark p, 008 ———
B lifetimes —0.02 +0.04
D lifetimes 0.00 +0.04
Total ~w oo 1 BR Total Syst: £0.07

M.Martin, Johns Hopkins for CDF,
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Results:

From PDG: /s =0.2731£0.034 :

d

BR(B. — D )
BR(B, - D 7)

=1.61+0.40(stat) + 0.40(BR) + 0.26(syst) + 0.20 [PDG L}

d
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Reconstructing A°, > A" «

CDF Run 2 PRELIMINARY 65pb’

I Important cuts:

+ .
Acn

A

C

+

p

K n*

Normalized B® reflection based on MC study

5.3 2.4 2.5

5.6

. o

2.7

e Confirm Trigger

e p,(P)>2GeV
* D, (ﬂfromAOb)>2GeV
* p,(A})>7.5GeV

e p,(A)>45GeV
J ct(AOb) > 225 um
J ct(Ac fromAOb) > —65 um

e Impact-Par (Aob ) <100 pum

*(2265<m(A,)<2303GeV)
5.8

{p+K'n*n') Mass (Gev)
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b Reflections:

Reflection shapes from b Monte Carlo |
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3 Types of reflection:
*4-Prong Decays
(egB’, > D 7n")
Other A°, decays
*Everything else.

*Normalise Reflection
shape to measured

B’, - D" 7" yield.
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Efftect of dE/dX:

dE

dE

— proton ——

dx

CDF Run 2 PRELIMINARY 65pb’

dx

!

Mormalized B" reflection based on MC study

A, A¢

.2

5.3

5.4

CDF Il Preliminary: A} — AT

T

£1)

S

Fvents /

3

Fit includes B" reflection

Nl N
T IIII el L)

\.- 53 )
L1 Lh_—i_ [ | o N [ B B i
5 55

5.5 5.6 5.7 5.8

L3 2 5.3 5.4
(p K'n*n") Mass (Gev)
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Expected Systematics:

Source Size (%)
B lifetime negligible
A°, lifetime +4 =35
A Dalitz structure +1

b p, spectrum +1
A’,,A_polarisation +2
XFT 1 miss +3

Phi efficiency +3
Total +6 -5

M.Martin, Johns Hopkins for CDF,
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Current Status:

* Finalising reflection model

PY ]Fbaryon XBR(AOZJ — A+c 72’-_)

- — measurement for EPS
f,xBR(B", > D" 1)

» Systematic uncertainty dominated by:

o(BR(A", - pK 7%))~25%

M.Martin, Johns Hopkins for CDF,
FPCP June 2003



(o2}
o
(=)

Events/5 MeV/c 2
ol
o
(@]

100

?

Prospects for improving normalisation:

CDF Run Il Preliminary IL dt =65 £ 4 pb *

300F

200F

B - u'DX

[ N(D”) = 2061 # 60
400f

=
N
()

Events/0.2 MeV/c 2
H
(a»)
()]

80

60

40

1.9 2 P

M(K Ttr)[GeVic °]

CDF Run Il Preliminary J' L dt =65 + 4 pb™

|

B - u+D*'XO
- DT
N(D *) =707 £ 27

o0

14

0.145

Note : Hadronic Trigger Path
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M(K T0)-M(K T0[GeVic ]



£ +
Ln o
e o

Events per 30 Mev/c¢?
L
i
'

250

200

150

100

50

Reconstructing B —> At h™

b 85240 0 o BT B required to be trigger
CDF Run 2 Preliminary '

B— h'h™ ]

2804286 signal events
Mean 5.25210.004 GeV/c?

Width 0.041+0.004 GeV/cH

" _
" ++++ -
?
- * —
o .
PN BRI EPEPEP EPEPEPE BRI EPEPE RN B
4.2 44 48 48 52 54 BB 5.8

e Mass (Gev,/ ¢

B

tracks.

e Optimise offline Cuts on
MC signal, data sideband:

® p,+p,>55GelV

e (|IR].|1R,]) >150 um
e 2D-Flight-Dist (B ) > 300 um

9

. ‘]PB‘<80,um

o = .
Isolation: Z »,

*Defined in a cone  j _ B-daughters
about the B axis: Z D,

All Tracks

Efficiency from data (Bi —>J/y K i)

M.Martin, Johns Hopkins for CDF,
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Different signal contributions:

Monte Carlo:
e Total width due to several

different contributions.

» | By—Kn
 B.o>Kn
' B.>KK

s

- * B, ->nn,B, >KK ontop
- of each other = PID essential

e Disentangle using:

i . Invt Mass
] Inematic
" 1 Separation .
] Relative momentum
: dE
i - e PID| — | [« Most Important
> 5505 51 5.15 £.2 £3 535 54 545 55 dx

M.Martin, Johns Hopkins for CDF,
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Monte Carlo:

Kinematic separation:

M L)
F e Foe B

_. -Bjo—wa" /K 7"

B,=+KK

[ EETH "N
(1=p/ e,

B—>nrx
B=s B:—"-'I.'. L
............... ; - BE
(I-p/p =p/ 0,
T .-“'5‘ 1
‘:‘E:..' E%E_K-P/K*—ﬂ_
B, - KK ul -

~ B T k| T
o + - - 4
s \B > K /K7
l.: L
L
I |
Fam b v -

I //___,.___....-u—"‘
iy b I

B ik

A et e
- = - .
o L] 2 ] =

E -1' i L
= [ bl

B> K /K'n

\

.
By =w i ki)
|

i 3F @ i@ CA ¥
(1=pi/pda,

T T Ty T
(=Rl

 Choose 2 variables:

¢ Mﬂ'ﬂ'

® a:( _&j q,
P>

where: p, < p,

« Signal Likelihood:

_ | (M, -M@)Y
F_\/EO' exp|: 2( _ j} P(x)
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Particle ID : dE / dx

CDF Runll Preliminary

3500 5
-D—=D"=xn

3uouF D°= Kn
E(Pt > 2 GeV/c)
-

[ |
2000
- K ¢

-
150"_E

2500

Number of entries

1000

S00(—

separation=1.16 ¢

dE/dx [ns]

M_—-M
F, = .1 exp{l( T

o | #ler

*

. ‘;E calibrated on p

saﬁciple

* Bachelor 7
charge 1dentifies p°
daughters.

Gy ((IDV)') Gy ((1D2))
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Systematics:

b kr AB (=)
BCK Shape +0.019 -0.015 +0.002 -0.009
M (B,) +0.004 -0.004 +0.0003 -0.0003
M (B,) +0.005 -0.006 +0.002 -0.003
o(M) +0.004 -0.009 +0.006 -0.005
MC stat +0.002 -0.002 +0.007 -0.007
" dE | dx +0.05 -0.05 +0.01 -0.01

M.Martin, Johns Hopkins for CDF,
* new calibration will reduce systematic FPCP June 2003



BR(B’, — )

Current Results:

BR(B’, —Kr)

=0.261+0.11(stat) £0.055(syst)

PDG 2002:

BR(B’, — 7rr)

BR(B’, — Kr)

Yields:
B, >z | 148+17(stat)
+0.13 +0.01 By = Km | 39:14(stan)
=029 512 Z0.02
B’ — Krx | 3+1l(stat)

M.Martin, Johns Hopkins for CDF,
FPCP June 2003




Conclusions:

* CDF has robust signals in:
A’ S A
B’ > D 1
*B >KK
e |First measurement of B, — D™, z* relative BR

BR(B’ . .
— Measurement of 2X8.270 yalidates extraction procedure
BR(B®, — K1)

ExpectB, > kKK and A°, » A", 7 for EPS

First steps toward an exciting programme in B’
physics and A°, physics (mixing and CPV) .

M.Martin, Johns Hopkins for CDF,
FPCP June 2003
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